INTRODUCTION
============

Despite the availability of colorectal cancer screening programs, 8%--29% of patients with colorectal cancer present with acute colonic obstruction \[[@B1]\]. Right colon-cancer obstruction is less common than left obstruction and is typically treated by using a right hemicolectomy or an extended right hemicolectomy \[[@B2]\]. Left colon and rectosigmoid junction cancers tend to obstruct earlier due to the smaller size of the lumen, and various surgical procedures have been used to treat them.

A single-stage resection and primary anastomosis can be performed with or without intraoperative colonic lavage, but surgical complications, including anastomotic leak, are common \[[@B3][@B4][@B5]\]. Preoperative placement of a self-expandable metallic stent (SEMS) as a bridge to surgery is used to avoid a Hartmann procedure or colostomy \[[@B4][@B6][@B7]\]. Of the various single-stage surgical techniques, the Hartmann procedure or colostomy has been suitable for patients with precarious general conditions. However, colonic stents have several disadvantages. The technical and clinical failure rate of colonic SEMS is 20%--30% \[[@B4][@B7][@B8][@B9]\] and a randomized controlled trial reported a technical failure rate of 53.3% \[[@B10]\]. Some reports suggest that SEMS insertion is associated with adverse oncological outcomes \[[@B11][@B12][@B13]\]. Furthermore, most surgeons usually perform elective surgery 5--10 days after SEMS insertion \[[@B6][@B7][@B14]\]; thus, the interval between SEMS insertion and surgery may increase the total hospital stay.

A subtotal colectomy is suggested as an effective surgical option for treating patients with left colon-cancer obstruction \[[@B3][@B5]\]. Ileosigmoid anastomosis after a subtotal colectomy for patients with colon cancer results in good bowel function and quality of life \[[@B15]\]. A subtotal colectomy can remove synchronous proximal neoplasms and reduce the risk of subsequent metachronous tumor development \[[@B14][@B16]\]. However, until now, no study has exclusively compared a subtotal colectomy to SEMS insertion as a bridge to surgery for patients with left colon-cancer obstruction, although one study included subtotal and total colectomies \[[@B14]\]. A total colectomy with ileorectal anastomosis leads to a deterioration in functional outcomes, including frequent bowel movement. Therefore, we compared only the subtotal colectomy to SEMS insertion as a bridge to surgery for patients with left colon-cancer obstruction based on morbidity, mortality, bowel function, and hospital stay.

METHODS
=======

This study enrolled 94 consecutive patients with left colon-cancer obstruction who received an emergency subtotal colectomy or SEMS insertion as elective surgery between January 2007 and August 2014 at Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul, Korea. Inclusion criteria were reasonable operative risk, resectable acutely obstructive descending or sigmoid colon cancer, and massively distended proximal colon suggesting complete or near complete obstruction ([Fig. 1](#F1){ref-type="fig"}). Patients with rectal or rectosigmoid junction cancer were excluded because they would need a total colectomy or 2-stage surgery without a method to bridge to elective surgery, such as SEMS or intraoperative colonic irrigation. Patients who received a colon segmental resection without SEMS were also excluded. Other exclusion criteria were obstruction proximal to splenic flexure or pneumoperitoneum or septic condition on emergency room arrival, which generally required a staged surgery using colostomy. Using prospectively collected data, we performed a retrospective comparative analysis after approval (KBSMC 2016-08-017) by the ethics committee at Kangbuk Samsung Hospital.

In our department, surgery type is generally based on surgeon preference and intraoperative findings. One surgeon performed a subtotal colectomy in most cases with left colon-cancer obstruction, regardless of the presence or absence of proximal colonic ischemia; other surgeons usually perform SEMS insertion as a bridge to surgery or a colon segmental resection with intraoperative colonic manual decompression. A subtotal colectomy was performed in all cases with proximal colonic ischemia according to intraoperative findings. All patients were postoperatively offered a clear, oral, fluid diet after having passed bowel gas or having had a bowel movement and were progressively advanced to a soft diet and a regular diet as tolerated.

Endoluminal colonic wall stents were inserted using fluoroscopy alone, colonoscopy alone, or colonoscopy under fluoroscopy guidance. The method of colonic stenting was determined according to location of the obstructive cancer and the availability of an interventional radiologist. In the distal sigmoid colon, the SEMS (BONASTENT Colo-Rectal stents, Sewoon Medical Co., Cheonan, Korea, or Taewoong Niti-S Enteral colonic Stents, Taewoong Medical Co., Gimpo, Korea) was usually inserted using fluoroscopy alone or colonoscopy alone. For more proximal lesions, the SEMS was inserted using colonoscopy under fluoroscopy guidance. Following successful SEMS insertion, patients gradually received mechanical bowel preparation with low-dose polyethylene glycol after bowel movement had been confirmed. Preoperative colonoscopy through SEMS was attempted based on the surgeon's decision according to computed tomography findings. Colonoscopy within postoperative 6 months was recommended for patients who had undergone a colon segmental resection without preoperative complete colonoscopy. Surgery was usually scheduled within 7 days (median, 6 days; interquartile range, 5--6 days) of a technically successful SEMS insertion. In patients who experienced a technical failure of SEMS insertion, a subtotal colectomy was performed immediately by using an open or a laparoscopic technique.

Results are expressed as mean ± standard deviation or median value with interquartile range. Continuous variables were compared using the Student t-test or the Mann-Whitney U-test. Discrete variables were analyzed with the chi-square test or the Fisher exact test. Statistical analyses were performed using a IBM SPSS Statistics ver. 19.0 (IBM Co., Armonk, NY, USA). P-values \< 0.05 were considered statistically significant.

RESULTS
=======

A subtotal colectomy was attempted in 24 patients and preoperative SEMS insertion was attempted in 70 patients. SEMS insertion technically failed in 5 patients (7.1%): 3 complete obstructions that the guide wire could not pass through, one incorrect position, and one perforation. All 5 patients with SEMS technical failure underwent a subtotal colectomy. Outcomes were analyzed on an intention-to-treat basis. Clinicopathological characteristics are shown in [Table 1](#T1){ref-type="table"}. Mean age and rate of obstruction in the descending colon were higher in the subtotal colectomy group than the SEMS group. Sex, underlying disease, American Society of Anesthesiologists physical status, and pathological stage showed no significant differences among groups.

Differences in operative and perioperative outcomes are shown in [Table 2](#T2){ref-type="table"}. The median interval to surgery after SEMS insertion was 5 days. Laparoscopic surgery was more frequently performed in patients in the SEMS group (62 of 70, 88.6%). A laparoscopic subtotal colectomy was performed in 4 of 24 patients (16.7%). The type of laparoscopic surgery was usually hand-assisted laparoscopic surgery (HALS). Conventional laparoscopic surgery was performed in 3 cases: 1 subtotal colectomy and 2 SEMS cases. The length of surgery was shorter in the SEMS group than the subtotal colectomy group.

The overall rate of perioperative morbidity was higher in the SEMS group. No Clavien-Dindo grade III or IV complications were observed in the subtotal colectomy group, but 2 septic complications (2.9%) occurred in the SEMS group. These 2 patients, who had undergone SEMS insertion that failed because of complete obstruction, died from sepsis. Intraoperative findings showed intestinal ischemia from a massively dilated proximal colon in these patients. These 2 patients underwent subtotal colectomy, but postoperative septic complications developed, possibly due to bacterial translocation and bacteremia from a massively dilated proximal colon. Other postoperative complications observed in the SEMS group were Clavien-Dindo grade I or II. Three cases of intraoperative ureteral injuries occurred in the SEMS group, but all ureteral injuries were recognized and repaired during the surgery. Prolonged postoperative ileus, which is defined as intolerance to a soft diet longer than 6 days after surgery, tended to be more frequent in the SEMS group than the subtotal colectomy group, although the difference was not significant.

The total hospital stay was longer in the SEMS group than the subtotal colectomy group, even though time to tolerance of regular diet was shorter. The number of bowel movements was increased in the subtotal colectomy group, and the incidence of antidiarrheal medication at postoperative 3--6 months was 25% (6 of 24). The median number of bowel movements in subtotal colectomy group was twice (interquartile range, 2--3) per day.

One patient (4.2%) in the subtotal colectomy group had synchronous cancer at the hepatic flexure. Sigmoidoscopy was preoperatively performed in 16 of 24 patients (66.7%) in the subtotal colectomy group; no synchronous cancer or advanced adenoma (defined as greater than 1 cm in diameter and/or with a villous component and/or with severe dysplasia) was observed below the obstructive cancer. Five of 8 patients without preoperative sigmoidoscopy underwent postoperative sigmoidoscopy with no synchronous tumor being found in the distal colon and rectum. Preoperative colonoscopy was attempted in 24 of 65 patients (36.9%) with successful SEMS insertion, and 17 of 24 patients (70.8%) successfully received a complete colonoscopy through SEMS insertion; no synchronous cancer was observed in these patients, but an advanced adenoma occurred in 5 of 17 patients (29.4%). A complete postoperative colonoscopy was performed in 41 of 48 patients (85.4%) who had undergone a colon segmental resection following successful SEMS insertion without preoperative complete colonoscopy; no synchronous cancer was observed in these patients, but an advanced adenoma occurred in 2 of 41 patients (4.9%).

DISCUSSION
==========

The morbidity (40%--50%) and the mortality (15%--20%) rates for patients who undergo emergency colorectal surgery for acute malignant obstruction have been reported to be significantly higher than for patients who undergo elective colorectal cancer surgery \[[@B17][@B18]\]. Therefore, staged surgery is performed for left colon-cancer obstructions to reduce the risk of peritonitis from fecal contamination caused by an unprepared bowel. The main advantage of staged surgery using colostomy is that it minimizes surgical trauma in patients with a precarious general condition. However, many patients, up to about 45%, cannot undergo colostomy reversal because of their underlying general condition \[[@B19]\]. Therefore, many surgeons need safe and effective surgical techniques to achieve primary colon-cancer resection and restore bowel continuity in patients with obstructive left colon cancer.

Surgical strategies for primary resection of obstructive left colon cancer and anastomosis that have been developed and reported include intraoperative colonic lavage or preoperative placement of SEMS \[[@B4][@B6]\]. Reports have suggested the safety and effectiveness of SEMS use; however, the most favorable results are obtained by per-protocol analysis \[[@B4][@B6][@B14]\]. A prospective, randomized trial analyzed on an intention-to-treat basis failed to demonstrate that preoperative SEMS use for patients with left colon-cancer obstruction decreased the need for stoma placement because SEMS insertion was technically successful in only 47% of the patients \[[@B10]\]. Therefore, a preoperative SEMS procedure does not clearly have more advantageous outcomes than emergency surgery \[[@B20][@B21]\]. However, a recent randomized trial with a 70% successful stenting rate found that SEMS insertion followed by interval elective surgery may be safer than emergency surgery, with a trend towards lower morbidity and mortality \[[@B7]\]. To achieve favorable outcomes from preoperative SEMS insertion, the technical and the clinical success rates of using a SEMS procedure as a bridge to surgery must be increased. Colonic stenting is considered relatively safe, with a mortality rate of about 1% \[[@B22]\]. However, the reported frequency of perforation after colonic stenting is about 4% \[[@B22][@B23]\], and inadequate decompression, stent migration, bleeding and pain have been reported \[[@B24]\]. Few studies have investigated predictors of failed stenting. Kim et al. \[[@B8]\] suggested that the use of multiple SEMS appeared to be a risk factor for surgical failure (insufficient colonic decompression), but no risk factor was detected before attempting SEMS insertion. Because the location and the degree of obstruction and the shape or the length of the malignant stricture might be preprocedural risk factors for stenting failure, studies focusing on these risk factors should be performed in the future.

Another issue for SEMS insertion as a bridge to surgery is that the interval to surgery after SEMS insertion varies among studies because of the lack of strict guidelines for the timing of the elective surgery. The median interval to elective surgery has been reported to be 5--10 days after SEMS insertion \[[@B6][@B7][@B14]\]. Longer periods of more than 14 days after SEMS insertion may increase dense fibrotic adhesions around the lesion, which might make the surgery more difficult \[[@B7]\]. In our study, elective surgery after SEMS insertion was performed as early as possible and only if the distended proximal colon had been decompressed and gradual mechanical bowel preparation had been completed. The total hospital stay was longer in the SEMS group than in the subtotal colectomy group because of the time for bowel preparation, even though the time to tolerance of a regular diet was shorter.

Laparoscopic surgery could be completed in 62 of 70 patients (88.6%) in the SEMS group. Adhesion around lesions and bulky tumors deteriorated by SEMS insertion could be overcome using the HALS technique. SEMS insertion may increase the feasibility of laparoscopic surgery for patients with obstructive colorectal cancer because successful SEMS insertion allows for mechanical bowel preparation and decompression of the distended bowel to provide a laparoscopic surgical space. Preoperative SEMS insertion is not obviously safer or more effective than other surgical strategies; however, successful SEMS insertion certainly makes possible the completion of minimally invasive surgeries \[[@B4][@B7]\].

A subtotal colectomy and ileosigmoid anastomosis is a 1-stage surgery for treating patients with obstructive left colon cancer. Mortality rates are reasonably acceptable at less than 10% based on previous reports \[[@B5][@B16][@B25]\]. In our study, morbidity was 2 of 24 (8.3%), mortality was 0 of 24 (0%), and postoperative bowel function was preserved as measured by the number of bowel movements. Previous studies found that about 12%--19% of patients needed antidiarrheal medication after a subtotal or a total colectomy \[[@B15][@B25]\]. In our study, 6 of 24 patients (25%) who had undergone a subtotal colectomy needed antidiarrheal medication at postoperative 3--6 months, and the median number of bowel movements was 2 (interquartile range, 2--3) per day. The median number of bowel movements in a previous study including patients who had undergone a total colectomy was 6 (range, 3--11) within the first 3 postoperative months, although the increase in bowel movements was temporary and tended to disappear after the sixth postoperative month \[[@B14]\]. Patients with rectal or rectosigmoid junction cancer were excluded in our present study. If patients need ileorectal anastomosis, we recommend other surgical strategies for segmental resection and anastomosis such as SEMS insertion or intraoperative colonic irrigation. Rectal or rectosigmoid junctions are theoretically easier to stent because they do not require passing the redundant colon, an especially difficult sigmoid segment \[[@B24]\].

Another advantage of a subtotal colectomy for treating patients with obstructive left colon cancer is risk reduction for those patients with proximal synchronous malignant lesions. About 3%--4% of colorectal cancer patients have synchronous colorectal cancer \[[@B26][@B27]\]. In our study, 1 patient (4.2%) in the subtotal colectomy group had synchronous cancer; other studies have reported synchronous cancer in 3%--11% of patients who undergo a total or a subtotal colectomy for obstructive left colon cancer \[[@B14][@B16]\]. Preoperative colonoscopy with a conventional colonoscope through the colonic stent is possible in only 62.5% of patients \[[@B28]\]. Our study showed that complete colonoscopy through the SEMS was successful in 70.8% of patients. We observed no synchronous cancer in patients who had undergone a colon segmental resection following successful SEMS insertion, but a synchronous advanced adenoma was present preoperatively in 29.4% and postoperatively in 4.9%. A subtotal colectomy might be an oncologically safe strategy in patients with a synchronous tumor.

Some reports have suggested that preoperative insertion of a SEMS might be associated with adverse oncologic outcomes. In one study, SEMS insertion had a significant adverse effect on 5-year overall survival and 5-year disease-free survival compared with a nonobstructing elective surgery group \[[@B12]\]. A recent comparative study on patients with obstructive left colon cancer also showed that overall survival and 5-year overall survival were significantly lower and 5-year cancer-specific mortality was significantly higher in a SEMS group compared to a surgery-only group \[[@B13]\]. A study using CK20 mRNA levels in peripheral blood supported the dissemination of cancer cells into the peripheral circulation after endoscopic stent insertion \[[@B11]\]. Moreover, stenting has a high rate of failure, which includes perforation, and cancer perforation certainly jeopardizes oncological outcomes.

In conclusion, a subtotal colectomy for treating patients with obstructive left colon cancer is a clinically safer, 1-stage, surgical strategy compared to SEMS insertion as a bridge to surgery. A subtotal colectomy can treat synchronous tumors in the proximal colon, reduce total hospital stay, and avoid oncologic deterioration from colonic stenting, as bowel function is preserved. Preoperative SEMS insertion should be considered only for patients with rectal or rectosigmoid junction cancer and patients for whom minimally invasive surgery is planned.
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###### Clinicopathological characteristics
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Values are presented as mean ± standard deviation or number (%).

STC, subtotal colectomy; SEMS, self-expandable metallic stent as a bridge to colectomy; ASA, American Society of Anesthesiologists.

^a^Student t-test. ^b^Chi-square test. ^c^Fisher exact test. ^d^In 58 patients who underwent perioperative complete colonoscopy.

###### Operative and postoperative outcomes
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Values are presented as number (%), mean ± standard deviation, or median (interquartile range).

STC, subtotal colectomy; SEMS, self-expandable metallic stent as a bridge to colectomy.

^a^Chi-square test. ^b^Student t-test. ^c^Fisher exact test. ^d^Mann-Whitney U-test.
